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ABSTRACT

Purposes: The effect of lower limb muscle fatigue on changes in pressure
distribution on the ground reaction range during running has not been clearly
studied. The purpose of this research is to investigate the effect of fatigue on the
range of ground reaction force in national team wrestlers during running.

Method: The method of this research was semi-experimental. The statistical
population of this research was made up of men with an age range of 18 to 22 who
were members of the national wrestling team. A Bartek force plate with a sampling
rate of 1000 Hz was used to record the ground reaction force during running. The
Bruce Exhaustion Protocol was used for the fatigue protocol.

Findings: The results showed that there was a significant difference between the
peak internal-external force during heel contact with the ground before and after
fatigue (p = 0.028). The time to reach the vertical peak when the heel separates
from the ground, had a statistically significant difference before and after fatigue
(p = 0.049). Also, the findings showed that the fatigue factor for the variables of
impulse and vertical loading rate was not statistically significant (p>0.05). The
results showed that internal-external force has a significant difference compared to
other vertical components.

Conclusion In general, the mechanics of running on the range of the ground
reaction force were significant before and after the fatigue of the wrestlers.
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Extended abstract

Background: Running is one of the basic skills that takes up the most movement activity during the
day (1). Also it is quite complex activity and involves the cooperation of the nervous, muscular, and
skeletal systems (2). The foot is the first point of contact of the body with the external environment
when standing and plays a fundamental role in maintaining balance (3). One of the major and main
tasks of the lower body is running. The main role of the lower limb is to absorb forces resulting from
the impact of the foot with the ground, produce propulsive force, maintain balance, etc. (4). According
to research by Reimer et al., postural control in standing following fatigue is particularly important.
The alignment of the lower limb is responsible for absorbing pressure when the foot contacts the
ground during running and modifies the amount of load (5). Running is a locomotor behavior that
consists of two phases: stance and swing (6). When the foot hits the ground, a force is applied from
the ground to the foot to reduce acceleration and bring it to rest, which is called the ground reaction
force (7). According to research by Reimer et al., postural control in standing is of particular
importance following fatigue. The alignment of the lower limb is responsible for absorbing pressure
when the foot contacts the ground during running and modifies the amount of load (5). Running is a
motor behavior that consists of two phases: static and swing (6). When the foot hits the ground, a
force is applied from the ground to the foot to reduce acceleration and reach rest, which is called the
ground reaction force (7). According to Newton's third law, the amount of ground reaction force is
equal to the body weight and in the opposite direction to the force applied to the ground. According
to research on commands sent from the nervous system, the production of force by muscles and a
specific range of motion causes normal running, which means that any disturbance in any of these
factors causes abnormal running (8). Measurements of ground reaction force during running are one
of the tools and criteria used to classify individuals (9). Ground reaction force is considered a kinetic
detection method of collecting oscillatory components of anatomical components such as joints,
muscles and nerves during running (10). Research shows that adaptation in the spatio-temporal
variables of running (11) and ground reaction forces (12) is essential for maintaining athletic
performance despite fatigue. Studying the running posture following fatigue is of particular
importance. (5) Fatigue can be defined as a reduction in the ability to generate force during athletic
activity (13). One of the important obstacles to the optimal performance of athletic activities is
fatigue, which can be caused by several factors depending on the type of activity (14). Fatigue can
also affect learning, concentration and motor performance (15). Fatigue also affects reaction force
(16, 17). By causing fatigue in muscles, changes in kinetics and kinematics of movement occur (18,
19). Kinetic variables represent mechanical changes related to diseases and changes in the lower limb.
Among running parameters, kinematic variables are of particular importance (17). Hence the purpose
of this study was to investigate the effect of fatigue on the range of ground reaction force during
running in national team wrestlers.

Methodology: The method of this research was semi-experimental. The statistical sample of the
current research is based on previous results and G*Power software. A power of 98% and a
confidence level of 0.05 were estimated for 30 people. The statistical population of this research was
composed of men with an age range of 18 to 22 years who were members of the national wrestling
team. Before doing any measurement, satisfaction of subjects to participate in this study, and their
personal information, including age, sports history, and number of session’s sports per week, and a
history of illness and injury was recorded in a form.

A Bartek force plate with a sampling rate of 1000 Hz was used to record the ground reaction force
during running. The subjects were given a pre-test. Then, they were given exercise and fatigue, and
after fatigue, a post-test was taken. The Bruce Exhaustion Protocol was used to perform fatigue. The
Shapiro-Wilk test was used to check the normality of the data distribution. To analyze the statistical
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data, a two-way variance with repeated measures test was used. All analyses were done using SPSS
software.

Findings: The results showed that there was a significant difference between the peak internal-
external force during heel contact with the ground before and after fatigue (p = 0.028). The time to
reach the vertical peak when the heel separates from the ground, had a statistically significant
difference before and after fatigue (p = 0.049). Also, the findings showed that the fatigue factor for
the variables of impulse and vertical loading rate was not statistically significant (p>0.05). The results
showed that internal-external force has a significant difference compared to other vertical
components.

Conclusion: The aim of the present study was to compare the effect of fatigue on the range of ground
reaction force during running. According to the results, the peak internal-external force achieved
during heel contact with the ground after fatigue had increased 27.73% compared to before fatigue.
Also, the time to reach the peak of vertical force during the pushing phase was increased by 10.18%.
Variable FX po indicates the amount of ground reaction force in the internal direction, and its increase
is related to the increase of foot supination (20). Given that the amount of this variable increases after
fatigue, foot supination values are likely to increase, which can lead to poor ankle joint function
during loading response In the heel-toe running pattern, the running cycle consists of stance and swing
phases. Intervals of unilateral stance (one foot on the ground) are separated by a double-support phase
(21). In running, the ratio of the stance phase to the swing phase (as opposed to walking) is 40 to 60.
Of course, the exact amount depends on the running speed. That is, as the speed increases, the stance
phase is reduced and the swing phase is added. This increase and decrease in running can affect the
ground reaction forces.
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